SE& 


nclassif ied 


1«ITY  CLASSIFICATION  OF  THIS  PAGE 


S 


ENTATION  PAGE 


la  REPORT  SECURITY  CLASSIFICATION  ~  9  1 

unclassified  ^  SEP  2  1 1989  g  | 

■lb  RESTRICTIVE  MARKINGS 

AIV.A919  ROH  J 

K  DISTRIBUTION  /  AVAILA8ILITY  OF  REPORT 

Unlimited 

™  irrp 

4  PERFORMING  ORGANIZATION  REPORT  NUMSER(S) 

Mil  Acoustics  q  Vibration  Laboratory 
Report  So.  974o7-4 

5  MONITORING  ORGANIZATION  REPORT  NUM8ER(S)  O  ) 

6a  NAME  OF  PERFORMING  ORGANIZATION 

Massachusetts  Institute 
of  Technology 

6b  OFFICE  SYMBOL 
(If  applicable) 

7a  NAME  OF  MONITORING  ORGANIZATION  / 

Office  of  Naval  Research 

Code  1125  AO 

6c  ADDRESS  (City,  State,  and  ZIP  Code) 

77  Massachusetts  Avenue 

Cambridge,  MA  02159 

7b  ADDRESS  (C/ty.  State,  and  ZIP  Code)  ^ 

800  N.  Quincy  Street 

Arlington,  VA  22217-oOGu  ^Sn 

*o 

8a.  NAME  OF  FUNDING  /  SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 

8b  OFFICE  SYMBOL 
(If  applicable) 

Code  1125  AO 

9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N 00014-85- K -0185 

1  8c  ADDRESS  (City,  State,  and  ZIP  Code) 

10  SOURCE  OF  FUNDING  NUMBERS 

800  N.  Quincy  Street 


PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO 

NO 

NO 

ACCESSION  NO 

5000 

II  TITLE  (include  Security  Classification) 


Fundamental  Studies  of  Hydroacoustics  (U) 


12  PERSONAL  AUTHOR(S) 

Patrick  Leeney 


13a  TYPE  OF  REPORT 

13b  TIME  COVERED 

14  DATE  OF  REPORT  (Year,  Month,  Day) 

15  PAGE  COUNT  1 

Final 

FROM  198  6  TO  1989 

1S89/S/15 

_ _ 

16  SUPPLEMENTARY  NOTATION 


17 

COSATI  CODES 

18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

FIELD 

GROUP 

SUB-GROUP 

-^Turbulent  wall  pressure,'  instability  wave  packets; 

' 

wall  shear  stress;  boundary  layer  manipulation  / 

'  ^19  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

^'Reports  on  work  done  in  the  following  areas: 

-  Sound  radiation  by  instability  wave  pacicets  in  a  laminar  boundary 


layer . 

-  Plate  excitation  by  boundary  layer  turbulence^ 

-  Influence  of  boundary  layer  manipulation  on  wall  pressure  fluctuations. 

-  Measurement  of  wall  shear  stress. 

-  Surveys  of  structural  response  afid  dynamic  wall  pressure  excitation. 


1  20  distribution  /availability  of  abstract 

j  £1  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  □  OTIC  USERS 

21  ABSTRACT  SECURITY  CLASSIFICATION  1 

unclassified  ! 

22a  NAIVE  OF  RESPONSIBLE  INDIVIDUAL 

Patrick  Leehey 

22b  TELEPHONE  (Include  Area  Code) 

(617)  255-4557 

22c  OFFICE  SYMBOL  | 

DO  FORM  1473,  84  MAR  83  APR  edition  may  b«  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All  other  editions  are  obsolete 

8  9  9  21  03  8 


unclassified 


Report  Number;  97457-4 


FUNDAMENTAL  STUDIES  OF  HYDROACOUSTICS 


Patrick  Leehey 

Department  of  Mechanical  Engineering 
Massachusetts  Institute  of  Technology 
Cambridge,  MA  02139 


15  August  1989 

Final  Report 


Prepared  For: 


Office  of  Naval  Research 
Code  1125  AO 
800  North  Quincy  Street 
Arlington,  VA  22217 


|  A<  .“e.Mt,  •  :  O’ 

r;  „  • 

i  '  •  IS  C rx  A,1, | 

•  1C  1AU 

Ji.  it iC .i 1 1..-1 . 

By 

OlStnbutio::  / 


Oist 

.nljbil.iy  Codes 

Av.ii!  .r  J  /  or 

SpoCldl 

A-/ 

_ 

This  is  a  final  report  to  ONR  Code  1125AO  on  Contract  N00014-86-K-0183,  MIT  OSP  No.  97457. 
References  to  work- performed  are  given  in  the  lists  of  publications,  technical  reports  and  theses  completed 
under  the  contract. 


Sound  Radiation  by  Instability  Wave  Packets  in  a  Laminar  Boundary  Layer: 

Haj  Hariri  and  Akylas  (1986)  determined  the  sound  radiated  by  instability  wave  packets  in  an  asymptotic 
suction  boundary  layer  over  an  infinite  flat  plate.  The  sound  is  “superdirective”  and  is  beamed  upstream. 
Haj  Hariri  (1987)  dealt  with  the  problem  of  sound  radiation  due  to  a  Tollmien-Schlichting  wave  impinging 
on  the  trailing  edge  of  a  flat  plate.  This  was  formulated  as  an  approximate  triple  deck  analysis.  Numerical 
work  remains  to  be  done  to  compute  the  amplitude  and  directivity  of  the  sound.  In  the  course  of  this  work 
a  new  technique  was  developed  for  locating  eigenvalues  of  the  corresponding  Orr-Sommerfeld  problem,  Haj 
Hariri  (1988). 

La  Fontaine  (1988)  measured  the  amplitude  and  directivity  of  trailing  edge  noise.  Strong  forward 
directivity  was  determined.  By  measuring  the  cross-spectrum  between  the  Tollmien-Schlichting  wave  velocity 
and  the  radiated  sound  pressure  he  showed  the  source  location  to  be  at  the  trailing  edge. 


Plate  Excitation  by  Boundary  Layer  Turbulence: 

Petri  (1987)  treated  numerically  the  turbulence-excited  response  of  a  compliantly  coated  damped  flat 
plate  under  significant  fluid  loading  in  order  to  determine  the  influence  of  the  coating  in  alleviating  the  sound 
scattered  by  a  line  stiffener  on  the  plate.  The  coating  was  shown  to  markedly  reduce  the  acoustic  scattering 
for  both  Chase  and  wavenumber  white  models  of  the  exciting  wall  pressure  field.  He  also  determined  that  the 
vibratory  response  of  the  plate  and  the  radiation  field  in  the  coating  are  dominated  by  the  low  wavenumber 
components  of  the  turbulent  boundary  layer  and  not  by  the  convective  component. 


Influence  of  Boundary  Layer  Manipulation  on  Wall  Pressure  Fluctuations: 

Moller  and  Leehey  (1989)  performed  wind  tunnel  tests  with  a  manipulator  in  the  shape  of  a  honeycomb 
placed  in  the  turbulent  boundary  layer.  They  showed  experimentally  that  the  manipulator  reduced  mean 
wall  shear  by  up  to  38%  and  RMS  wall  pressure  by  36%  over  a  sone  extending  at  least  300  pre-manipulator 
displacement  thicknesses  downstream.  The  coherence  of  the  wall  pressure  is  reduced  in  the  streamwise 
direction  and  increased  in  the  spanwise  direction  by  the  presence  of  the  manipulator. 


Measurement  of  Wall  Shear  Stress: 

Wagner  and  Leehey  (1986)  and  Gur  and  Leehey  (1989)  reported  on  a  new  type  of  gauge  developed  for 
the  measurement  of  mean  and  fluctuating  shear  stress  on  the  wall  beneath  a  turbulent  boundary  layer.  This 
gauge  measures  the  torque  upon  a  very  small  cylinder  located  close  to  the  wall  under  a  shear  flow.  The 
gauge  has  a  linear  response,  no  hysteresis  upon  flow  reversal,  and  can  be  made  strongly  directional.  Spectral 
element  calculations  for  Stokes  creeping  flow  are  used  to  correct  gauge  calibration  for  blockage  effects  in  the 
cone-and  ;  late  apparatus  used  to  test  the  gauge. 

La  Fontaine  (1988)  made  measurements  of  the  pressure  drop  across  a  surface  fence  beneath  a  turbulent 
boundary  layer.  These  were  compared  with  independent  measurements  of  the  mean  wall  shear  stress.  Tests 
were  made  over  a  very  wide  range  of  the  Reynolds  number  R  using  the  same  gauge  in  both  the  wind  tunnel 
and  in  the  cone-and-plate  apparatus.  A  linear  relation  was  found  for  R  <  1  and  a  three-halves  power  relation 
was  found  for  R  >  1. 


Survey  Papers: 

Leehey  (1988)  made  an  assessment  of  the  state  of  the  art  in  determining  structural  response  and  rera¬ 
diation  due  to  turbulent  boundary  layer  excitation.  The  need  for  quantitative  determination  of  the  internal 
impedance  of  the  turbulent  boundary  layer  was  emphasized.  More  sophisticated  models  of  the  structure  are 
also  needed  in  order  to  bring  out  the  relative  importance  of  the  low  wavenumber  and  the  convective  portions 
of  the  wall  pressure  excitation. 

Leehey  (1989)  surveyed  the  current  status  of  theoretical  and  experimental  studies  of  dynamic  wall 
pressure.  In  particular  he  showed  that  the  low  wavenumber-frequency  spectrum  of  wall  pressure  for  both 
wind  tunnel  and  buoyant  body  measurements  is  shown  to  scale  best  on  the  square  of  the  product  of  Mach 
number  and  mean  wall  shear  stress.  This  supports  the  theoretical  conclusion  of  Landahl  that  fluctuating 
wall  shear  stress  dipoles  are  a  significant  source  of  low  wavenumber  wall  pressure  fluctuations. 
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